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+\GURJHQ SDUWLFLSDWHV WR D ZLGH UDQJH RI FKHPLFDO SURFHVVHV DQG LW DOVR DSSHDUV GXULQJ
HQHUJ\SURGXFWLRQDQGWUDQVSRUW,WLVZLGHO\XVHGLQDHURVSDFHDSSOLFDWLRQVZKHUHLWDFWVDV
IXHO IRU URFNHWV1RZDGD\VK\GURJHQ LV FRQVLGHUHGDVDQDOWHUQDWLYHVRXUFHRIHQHUJ\ IRU
DXWRPRWLYHDSSOLFDWLRQVDQGPDQ\GHYHORSPHQWVDUHFXUUHQWO\FDUULHGRXWRQK\GURJHQIXHO
FHOOV RU HQJLQHV  ,I WKHVH GHYHORSPHQWV VXFFHHG HFRQRPLFDOO\ WKHUHZLOO EH DQ LQFUHDVHG
GHPDQGIRUK\GURJHQ:LWKLWVKLJKGLIIXVLYLW\K\GURJHQLVDQH[WUHPHO\IODPPDEOHJDV
,QDLU LWFDQEXUQDWFRQFHQWUDWLRQV IURPDERXWZLWKD IODPHYHORFLW\DOPRVW WHQ WLPHV
KLJKHUWKDQWKDWRIQDWXUDOJDV7KHUHIRUHIRUVHFXULW\UHDVRQVK\GURJHQOHDNGHWHFWRUVDUH
KLJKO\LPSRUWDQWLQLQGXVWULDODQGSUDFWLFDODSSOLFDWLRQV
,Q WKLV IUDPH RSWLFDO ILEHU VHQVRUV DUH SDUWLFXODUO\ LQWHUHVWLQJ LQ FRPSDULVRQ ZLWK RWKHU
WHFKQRORJLHV VXFK DV SHOOLVWRUV RU VHPLFRQGXFWRU VHQVRUV <X	<LQ  ,QGHHG RSWLFDO
ILEHU VHQVRUV RIIHU XQLTXH DGYDQWDJHV VXFK DV LPPXQLW\ WR HOHFWURPDJQHWLF LQWHUIHUHQFH
OLJKWZHLJKW IOH[LELOLW\ VWDELOLW\ KLJK WHPSHUDWXUH WROHUDQFH DQG HYHQ GXUDELOLW\ DJDLQVW
KLJK UDGLDWLRQ HQYLURQPHQWV $ VLQJOH RSWLFDO ILEHU FDQ DOVR RIIHU GLVWULEXWHG RU TXDVL
GLVWULEXWHGVHQVLQJZKLFKLVQRWSRVVLEOHZLWKRWKHUVHQVLQJPHWKRGV
$PRQJ WKHGLIIHUHQWRSWLFDO ILEHU VHQVRU FRQILJXUDWLRQV DJUHDWGHDORI WKH UHVHDUFKHVKDV
EHHQ GHYRWHG WR ILEHU %UDJJ JUDWLQJV )%*V VLQFH WKH\ KDYH EHHQ UDSLGO\ FRQVLGHUHG DV




RI WKH 3DOODGLXP FRDWLQJ UHVXOWLQJ LQ D VWUHVV RQ WKH JUDWLQJ 7KLV VHQVRU FRQILJXUDWLRQ
VXIIHUVIURPDPDLQGUDZEDFNWKDWLVDTXLWHORQJUHVSRQVHWLPHOHDGLQJWRDK\VWHUHVLVHIIHFW
EHWZHHQ WKH UHVSRQVHV REWDLQHG IRU LQFUHDVLQJ DQG GHFUHDVLQJ K\GURJHQ FRQFHQWUDWLRQV






:H SURSRVH KHUH D FRPSOHWHO\ QHZ K\GURJHQ )%*EDVHG VHQVRU FRYHUHG E\ D FDWDO\WLF
VHQVLWLYHOD\HUPDGHRIDFHUDPLFGRSHGZLWKQREOHPHWDO,QSUHVHQFHRIK\GURJHQLQDLUDQ
H[RWKHUPLF UHDFWLRQ RFFXUV LQ WKH VHQVLWLYH OD\HU DQG OHDGV WR DQ LQFUHDVH RI WHPSHUDWXUH














$ ILEHU %UDJJ JUDWLQJ FDOOHG )%* LV D SHULRGLF DQG SHUPDQHQW PRGLILFDWLRQ RI WKH FRUH
UHIUDFWLYH LQGH[ YDOXH DORQJ DQ RSWLFDO ILEHU 2WKRQRV	.DOOL .DVK\DS  7KLV
PRGLILFDWLRQLVJHQHUDOO\REWDLQHGE\H[SRVLQJWKHFRUHRIDSKRWRVHQVLWLYHRSWLFDOILEHUWR
DQ LQWHQVH 89 LQWHUIHUHQFH SDWWHUQ $ ILEHU %UDJJ JUDWLQJ LV GHILQHG E\ VHYHUDO SK\VLFDO





D SHUWXUEDWLRQ LQ WKH ILEHU FRUH LQGXFHV OLJKW FRXSOLQJ EHWZHHQ WZR FRXQWHUSURSDJDWLQJ
PRGHV 7KLV PRGH FRXSOLQJ LV SURGXFHG IRU VRPH ZDYHOHQJWKV DURXQG WKH %UDJJ
ZDYHOHQJWKGHILQHGE\WKH%UDJJFRQGLWLRQ




JUDWLQJ D ZHDN )UHVQHO UHIOHFWLRQ LV SURGXFHG GXH WR D YDULDWLRQ RI WKH UHIUDFWLYH LQGH[
YDOXH$Q LPSRUWDQW UHIOHFWLRQ LV REWDLQHGZKHQ DOO WKHZHDN FRQWULEXWLRQV DGG LQSKDVH
7KLVFRQGLWLRQLVUHVSHFWHGIRUWKH%UDJJZDYHOHQJWK

















,W LV DOVR SRVVLEOH WRPDQXIDFWXUH ILEHU JUDWLQJV WKDW DUH WUDQVPLVVLYH VR WKDW WKH\ FRXSOH





3KRWRVHQVLWLYLW\RIDQRSWLFDO ILEHUFRUUHVSRQGVWR LWVSURSHQVLW\ WR ORFDOO\PRGLI\ LWVFRUH
UHIUDFWLYH LQGH[YDOXHZKHQLW LVH[SRVHGWR OLJKWZLWKDZDYHOHQJWKDQGDQ LQWHQVLW\ WKDW
GHSHQGRQWKHFRUHPDWHULDO
$OWKRXJK SKRWRVHQVLWLYLW\ LV D YHU\ LPSRUWDQW SURSHUW\ RI DQ RSWLFDO ILEHU WKH FRPSOHWH
PHFKDQLVPUHVSRQVLEOH IRU WKLVSKHQRPHQRQ LV QRW\HW IXOO\XQGHUVWRRG$ ORWRIZRUN LV
VWLOOLQSURJUHVVWREHWWHUH[SODLQWKLVSKHQRPHQRQDQGWRLPSURYHLWVNQRZOHGJH7KHVWXG\
RI WKHGLIIHUHQWPHFKDQLVPV UHVSRQVLEOH IRU WKH RSWLFDO ILEHU SKRWRVHQVLWLYLW\ IDOOV RXWVLGH
WKH VFRSHRI WKLVGRFXPHQW  7KLVSKHQRPHQRQZDVREVHUYHG IRU D ODUJHQXPEHU RI ILEHU
PDWHULDOV EXW LV YHU\ LPSRUWDQW LQ JHUPDQLXPGRSHG VLOLFD ILEHUV 7KHSKRWRVHQVLWLYLW\ LV
DVVRFLDWHG WR WKH GHIHFWV LQGXFHG E\ JHUPDQLXP LQ WKH VLOLFD ODWWLFH 7KDW LV ZK\ WKHVH
JHUPDQLXPGRSHGILEHUVUHPDLQWKHPRVWXVHGIRUSUHSDULQJ%UDJJJUDWLQJV
3XUH VLOLFD 6L2 LV DQ DPRUSKRXV PDWHULDO FKDUDFWHUL]HG E\ D WHWUDKHGUDOVWUXFWXUH (DFK
R[\JHQDWRPOLQNVWKHVLOLFRQDWRPVRIWZRDGMDFHQWVWUXFWXUDOPROHFXOHVDQGLVWKHQVKDUHG
E\ WZR WHWUDKHGUDO XQLWV DV VKRZQ LQ ILJXUH D 7KH FRPELQDWLRQ RI WKH GLIIHUHQW XQLWV
IRUPVDTXDVLUDQGRPVWUXFWXUHVHHILJXUHE
7KH VWUXFWXUHRIJHUPDQLXPGRSHGVLOLFD LV OLQNHG WR WKDWRISXUH VLOLFD VLQFHJHUPDQLXP











JHUPDQLXPGRSHG VLOLFD 7KH *H2 GHIHFW FDOOHG JHUPDQLXP R[\JHQGHILFLHQW FHQWHU
*2'& LV RIWHQ IRXQG LQ WKH VWUXFWXUH RI JHUPDQLXPGRSHG RSWLFDO ILEHU :KHQ LW LV
SUHVHQWWKHJHUPDQLXPRUVLOLFRQDWRPLVOLQNHGWRRQO\R[\JHQDWRPVLQVWHDGRILQWKH
LGHDO VWUXFWXUH DQG D ERQG LV GLUHFWO\ UHDOL]HGZLWK D JHUPDQLXP DWRP *H6L RU*H*H
7KLV GHIHFW LV FKDUDFWHUL]HG E\ DQ DEVRUSWLRQ EDQG FHQWHUHG DURXQG  QP 7KH HQHUJ\
UHTXLUHGWREUHDNWKHERQGLVDURXQGH9
7KHUH DOVR H[LVWV D VHFRQG W\SH RI VWUXFWXUH RI*2'& ,Q WKLV FDVH D JHUPDQLXPDWRP LV
ERQGHGZLWKRQO\WZRR[\JHQDWRPVVRWKDWWZRHOHFWURQVDUHIUHH7KLVGHIHFWDOVRSUHVHQWV
DQDEVRUSWLRQSHDNDWQP,QWKHLUPRGHO'+DQGDQG35XVVHOOLQNWKHPHFKDQLVPRI
UHIUDFWLYH LQGH[ FKDQJH WR WKHSKRWRLQGXFHG DEVRUSWLRQ FKDQJH +DQG	5XVVHO 7KLV
DEVRUSWLRQFUHDWHVQHZSHUPDQHQWGHIHFWVWKDWOHDGWRDPRGLILFDWLRQRIWKHUHIUDFWLYHLQGH[








SKRWRVHQVLWLYLW\ $WNLQV HW DO 7VDL HW DO  +RZHYHU WKH FRORU FHQWHU PRGHO
FDQQRWVDWLVIDFWRULO\H[SODLQWKHEHKDYLRURIDOOILEHUW\SHVDQGWKHGRSDQWVXVHGWRPRGLI\
WKH FRUH UHIUDFWLYH LQGH[ $Q DOWHUQDWLYH PRGHO EDVHG RQ JODVV GHQVLILFDWLRQ LQGXFHG E\
SKRWRLRQL]DWLRQ RI WKH *H GHIHFWV KDV DOVR IRXQG H[SHULPHQWDO VXSSRUW 7KLV DOWHUQDWLYH
PRGHO ZDV SURSRVHG E\ 0 6FHDWV DQG FRZRUNHUV LQ  6FHDWV HW DO  7KH
FRPSDFWLRQGHQVLILFDWLRQPRGHOLVEDVHGRQODVHULUUDGLDWLRQLQGXFHGGHQVLW\FKDQJHVWKDW
UHVXOW LQ UHIUDFWLYH LQGH[ FKDQJHV ,UUDGLDWLRQE\ ODVHU OLJKW DW QPKDV EHHQ VKRZQ WR
LQGXFH WKHUPDOO\ UHYHUVLEOH OLQHDU FRPSDFWLRQ LQ DPRUSKRXV VLOLFD OHDGLQJ WR UHIUDFWLYH
LQGH[FKDQJHV7KHPRGHOWKXVWDNHVLQWRDFFRXQWWKHSUHVHQFHRILPSRUWDQWVWUHVVHVLQVLGH
WKH RSWLFDO ILEHUPHFKDQLFDO WKHUPDO VWUHVV FRPLQJ IURP WKH RSWLFDO ILEHUPDQXIDFWXULQJ
SURFHVV7KHVHVWUHVVHVFDQEHUHOD[HGE\89LUUDGLDWLRQ7KHEUHDNLQJRIWKHERQGVE\89
LUUDGLDWLRQ ' +DQG DQG 3 5XVVHO PHFKDQLVP FDQ DOVR EH UHVSRQVLEOH IRU WKH VWUHVV
UHOD[LQJ DV WKLV SURFHVV FDXVHV D ORFDO GHQVLW\ LQFUHDVH LQVLGH WKH RSWLFDO ILEHU DQG D







WKHUHKDVEHHQFRQVLGHUDEOHHIIRUW LQXQGHUVWDQGLQJDQG LQFUHDVLQJ WKHSKRWRVHQVLWLYLW\ LQ
RSWLFDO ILEHUV 6WDQGDUG VLQJOHPRGH RSWLFDO ILEHUV  JHUPDQLXP LQ WKH FRUH W\SLFDOO\
SUHVHQWLQGH[FKDQJHVRIDERXWï7KHDGGLWLRQRIYDULRXVFRGRSDQWVLQJHUPDQRVLOLFDWH
RSWLFDO ILEHUVKDVUHVXOWHG LQSKRWRVHQVLWLYLW\HQKDQFHPHQW ,QSDUWLFXODUERURQFRGRSLQJ
FDQ OHDG WRD VDWXUDWHG UHIUDFWLYH LQGH[FKDQJHDERXW WLPHV ODUJHU WKDQ WKDWREWDLQHG LQ
SXUHJHUPDQRVLOLFDWHRSWLFDO ILEHUV 6HQVLWL]DWLRQ WHFKQLTXHVKDYHDOVREHHQGHYHORSHG IRU
ZULWLQJ KLJKO\ UHIOHFWLYH JUDWLQJV LQ JHUPDQRVLOLFDWH RSWLFDO ILEHUV $Q LQFUHDVH RI WKH
SKRWRLQGXFHGUHIUDFWLYHLQGH[PRGXODWLRQWRYDOXHVRIWKHRUGHURIïDQGKLJKHUKDVEHHQ
REWDLQHGYLD K\GURJHQDWLRQ RU IODPHEUXVKLQJ 7KHVH WHFKQLTXHV FRQVLVW LQ LQFUHDVLQJ WKH
FKDUJH LQ K\GURJHQ LQ WKH ILEHU FRUH EHIRUH JUDWLQJ LQVFULSWLRQ )RU WKH K\GURJHQDWLRQ




WR VHYHUDO GD\V RU HYHQ VHYHUDO ZHHNV 'XULQJ WKH 89 LUUDGLDWLRQ K\GURJHQ DOORZV WKH
FUHDWLRQRI*2'&VLQFH LW FRPELQHVZLWKR[\JHQDWRPV LQRUGHU WR IRUP2+UDGLFDOV$V
K\GURJHQUDSLGO\GLIIXVHVRXWRIWKHRSWLFDOILEHUDWDPELHQWWHPSHUDWXUHK\GURJHQORDGHG
RSWLFDO ILEHUV KDYH WR EH PDLQWDLQHG DW ORZ WHPSHUDWXUH SULRU WR WKH ILEHU JUDWLQJ
PDQXIDFWXULQJSURFHVV'HXWHULXPFDQDOVREHXVHGLQVWHDGRIK\GURJHQLQRUGHUWRDYRLG




RI R[\JHQ UHDFKLQJ D WHPSHUDWXUH RI DERXW  & 7KH SKRWRVHQVLWL]DWLRQ SURFHVV WDNHV
DSSUR[LPDWHO\PLQXWHV$WWKLVYHU\KLJKWHPSHUDWXUHK\GURJHQGLIIXVHV LQWRWKHILEHU
FRUH DQG UHDFWVZLWK WKH JHUPDQRVLOLFDWH JODVV WR SURGXFH*2'& 7KLV UHDFWLRQ FUHDWHV D






SHULRGLFLW\ RI WKH JUDWLQJ 7KHVH WZR SDUDPHWHUV DUH DIIHFWHG E\ FKDQJHV LQ VWUDLQ DQG
WHPSHUDWXUH ,Q SDUWLFXODU WKH HIIHFWLYH UHIUDFWLYH LQGH[ LVPRGLILHG WKURXJK WKH WKHUPR
RSWLF DQG VWUDLQRSWLF HIIHFW UHVSHFWLYHO\+HQFH IURPHTXDWLRQ  WKH VKLIW LQ WKH%UDJJ
ZDYHOHQJWKƦǌ%UDJJGXHWRVWUDLQƦԖDQGWHPSHUDWXUHƦ7YDULDWLRQVLVJLYHQE\
οǌ୆୰ୟ୥୥ ൌ ʹቀƭ ୢ୬౛౜౜ୢ୘ ൅ ୣ୤୤ ୢƭୢ୘ቁ ο ൅ ʹ ቀƭ ୢ୬౛౜౜ୢ஫ ൅ ୣ୤୤ ୢƭୢ஫ቁ οԖ
7KHILUVWWHUPLQ(TXDWLRQUHSUHVHQWVWKHHIIHFWRIWHPSHUDWXUHRQWKH%UDJJZDYHOHQJWK
7KHVKLIWRIWKH%UDJJZDYHOHQJWKGXHWRWKHUPDOH[SDQVLRQFRPHVIURPWKHPRGLILFDWLRQRI
WKH JUDWLQJ VSDFLQJ DQG WKH UHIUDFWLYH LQGH[ 7KH UHODWLYH ZDYHOHQJWK VKLIW GXH WR D
WHPSHUDWXUHFKDQJHƦ7FDQEHZULWWHQDV
ο஛ా౨౗ౝౝο୘ ൌ ɉ୆୰ୟ୥୥ ቀ ଵ୬౛౜౜
ୢ୬౛౜౜

















































 VKRZQ LQ ILJXU
USRVHV























H  QR K\VWHUHV
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 UH
























Q WKH JUDWLQJ SH
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$VVXPLQJ WKDW WKH JUDWLQJ LV VWUDLQHG LQ WKH ] GLUHFWLRQ RQO\ DQG WKDW WKH ILEHUPDWHULDO
IROORZV+RRNH·VODZZHREWDLQWKHVKLIWRI%UDJJZDYHOHQJWKIRUDQDSSOLHGVWUDLQ
οߣ஻௥௔௚௚ ൌ ߣ஻௥௔௚௚ሺͳ െ ݌௘ሻο߳ሺ͸ሻ
݌௘ ൌ ݊௘௙௙
ଶ
ʹ ሾ݌ଵଶ െ ߥሺ݌ଵଵ ൅ ݌ଵଶሻሿሺ͹ሻ
ZKHUHǎLVWKH3RLVVRQ·VUDWLR




7KH ILUVW ILEHU %UDJJ JUDWLQJ VHQVRU ZDV UHSRUWHG LQ  E\ : 0RUH\ DQG FRZRUNHUV
0RUH\ HW DO  7KH GHYHORSPHQW RI WKH H[WHUQDOZULWLQJ WHFKQLTXH KDV FRQVLGHUDEO\
LQFUHDVHG WKH LQWHUHVW LQ ILEHU %UDJJ JUDWLQJ VHQVRUV 7KLV LQWHUHVW FRPHV IURP WKH JUHDW
SRWHQWLDO WKDW WKH\ KDYH IRU D ODUJH QXPEHU RI VHQVLQJ DSSOLFDWLRQV ZKHUH DUH UHTXLUHG




FKDUDFWHULVWLF VSHFWUXP RI DQ LQFLGHQW OLJKW VLJQDO VLQFH WKHLU SK\VLFDO SDUDPHWHUV DUH
DIIHFWHGE\WKHH[WHUQDOSHUWXUEDWLRQ7KHPRVWZLGHO\XVHGSULQFLSOHRIRSHUDWLRQRIILEHU
%UDJJ JUDWLQJ VHQVRUV LV WR PRQLWRU WKH VKLIW LQ ZDYHOHQJWK RI WKH UHIOHFWHG VLJQDO DV D
IXQFWLRQRIWKHH[WHUQDOSDUDPHWHUWREHPHDVXUHG
7KHPDLQ DGYDQWDJH RI ILEHU %UDJJ JUDWLQJ VHQVRUV LV WKDW WKHPHDVXUDQG LQIRUPDWLRQ LV
ZDYHOHQJWKHQFRGHG7KLVSURSHUW\PDNHV WKH VHQVRU VHOIUHIHUHQFLQJ DQG LQGHSHQGHQW RI
IOXFWXDWLQJ OLJKW OHYHOV 7KH V\VWHP LV WKHUHIRUH LPPXQH WR VRXUFH SRZHU DQG FRQQHFWRU
ORVVHVWKDWDIIHFWPDQ\RWKHUW\SHVRIRSWLFDOILEHUVHQVRUV7KHYHU\ORZLQVHUWLRQORVVDQG




WR HOHFWURPDJQHWLF LQWHUIHUHQFHV OLJKW ZHLJKW IOH[LELOLW\ VWDELOLW\ KLJK WHPSHUDWXUH
WROHUDQFHDQGHYHQGXUDELOLW\LQKLJKUDGLDWLRQHQYLURQPHQWVZKLFKDOOFRQWULEXWHWRREWDLQ
UHSURGXFLEOHPHDVXUHPHQWV7KHVPDOOGLDPHWHURIWKHRSWLFDOILEHUDQGWKHVPDOOOHQJWKRI
ILEHU %UDJJ JUDWLQJVPDNH WKHP FRPSDWLEOHZLWK DSSOLFDWLRQV IRUZKLFK VOLJKWO\ LQWUXVLYH
1RVKECN(KDTG0GY&GXGNQROGPVU

SUREHVDUH UHTXLUHG VXFKDV LQ WKHKXPDQERG\ IRU WHPSHUDWXUHDQGRU FKHPLFDO VSHFLHV
SURILOLQJ )XUWKHUPRUH ILEHU %UDJJ JUDWLQJV FDQ EH HDVLO\ HPEHGGHG LQWR PDWHULDOV WR
SURYLGHGDPDJHGHWHFWLRQRULQWHUQDOVWUDLQILHOGPDSSLQJ)LEHU%UDJJJUDWLQJVHQVRUVDUH





:H JLYH KHUH WKH EDVLF WKHRU\ RI ORQJ SHULRG ILEHU JUDWLQJV /3)* LQ RUGHU WR KDYH D
IXQGDPHQWDO XQGHUVWDQGLQJ RI WKH FRXSOLQJPHFKDQLVPV RI VXFK JUDWLQJV LQ VLQJOHPRGH
RSWLFDOILEHU(UGRJDQ
/HW XV QRWH WKDW ORQJ SHULRG ILEHU JUDWLQJV DUH QRW %UDJJ JUDWLQJV EXW WKH\ RIIHU D ORW RI
DSSOLFDWLRQVLQVHQVLQJDQGZLOOEHXVHGIRUFKHPLFDOVHQVLQJSXUSRVHV 7KHSHULRGRIWKH
UHIUDFWLYHLQGH[PRGXODWLRQIRUD/3)*OLHVLQWKHUDQJHPLQVWHDGRIQPIRUD)%*
7KH RSHUDWLQJ SULQFLSOH RI ORQJ SHULRG ILEHU JUDWLQJV SURSRVHG E\ $ 9HQJVDUNDU DQG






&ODGGLQJ PRGHV UHVXOW IURP WKH UDGLDWLRQ PRGHV WKDW DUH WUDSSHG E\ WKH FODGGLQJDLU








ILEHU JUDWLQJVPRUH WKDQ RQH FODGGLQJPRGH FDQ VDWLVI\ WKH SKDVHPDWFKLQJ FRQGLWLRQ DW
GLIIHUHQW ZDYHOHQJWKV DQG WKH JXLGHG PRGH FDQ DOVR EH FRXSOHG WR DOO WKRVH FODGGLQJ
PRGHV 7\SLFDO WUDQVPLWWHG VSHFWUD DUH WKXV FRPSRVHG RI VHYHUDO FODGGLQJ PRGHV
UHVRQDQFHV7KHLPSRUWDQWSRLQWLVWKDWWKHVHJUDWLQJVFDQFRXSOHOLJKWRXWRIWKHFRUH7KLV
KDV WZR FRQVHTXHQFHV HQHUJ\ FDQEHJLYHQ WR WKH H[WHUQDOPHGLXPDQG WKH WUDQVPLVVLRQ
VSHFWUXPRIWKH/3)*DUHYHU\VHQVLWLYHWRUHIUDFWLYHLQGH[FKDQJHVRIWKHH[WHUQDOPHGLXP





LQSDUWLFXODU WHPSHUDWXUHVWUDLQRUEHQGLQJ-DPHV	7DWDP 7KHVHQVLWLYLW\RI ORQJ
SHULRG ILEHU JUDWLQJV FKDUDFWHULVWLFV WR HQYLURQPHQWDO SDUDPHWHUV LV LQIOXHQFHG E\ WKH
JUDWLQJ SHULRG %KDWLD  DQG E\ WKH RSWLFDO ILEHU FRPSRVLWLRQ 6KLPD HW DO 
+RZHYHU LW LV DOVR LQIOXHQFHGE\ WKH FODGGLQJPRGHV WRZKLFK FRXSOLQJ WDNHVSODFH7KLV
FRPELQDWLRQRILQIOXHQFHVDOORZVWKHGHVLJQRIORQJSHULRGILEHUJUDWLQJVWKDWKDYHDUDQJH
RI SRVVLEOH UHVSRQVHV WR D SDUWLFXODUPHDVXUDQGEH\RQG WHPSHUDWXUH DQG VWUDLQ$ VLQJOH
ORQJ SHULRG ILEHU JUDWLQJ FDQ LQGHHG EH FKDUDFWHUL]HG E\ DWWHQXDWLRQ EDQGV WKDW KDYH D





DUH LQGHHG IXQFWLRQ RI WKH GLIIHUHQFH EHWZHHQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ DQG WKH
FODGGLQJ UHIUDFWLYH LQGH[ 7KH FHQWUDO ZDYHOHQJWKV RI WKH DWWHQXDWLRQ EDQGV DUH WKXV
GHSHQGHQW RQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ SURYLGLQJ WKDW WKH FODGGLQJ KDV D KLJKHU
UHIUDFWLYHLQGH[WKDQWKHVXUURXQGLQJPHGLXP
7KH VHQVLWLYLW\ WR UHIUDFWLYH LQGH[ FKDQJHV LV VSHFWUDOO\PDQLIHVWHG E\ FHQWUDOZDYHOHQJWK
VKLIWV DQG E\ FKDQJHV LQ WKHPLQLPXP WUDQVPLVVLRQ YDOXH RI WKH DWWHQXDWLRQ EDQGV 7KH
KLJKHVWVHQVLWLYLW\LVREWDLQHGIRUKLJKHURUGHUPRGHVDQGRFFXUVIRUUHIUDFWLYHLQGH[YDOXHV
FORVHWRWKDWRIWKHFODGGLQJ3DWULFNHWDO
:KHQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ YDOXHPDWFKHV WKDW RI WKH FODGGLQJ WKH FODGGLQJ
DSSHDUVWREHRILQILQLWHH[WHQWDQGDEURDGEDQGUDGLDWLRQPRGHVFRXSOLQJZLWKQRGLVWLQFW
DWWHQXDWLRQEDQGVLVREWDLQHG:KHQWKHVXUURXQGLQJUHIUDFWLYHLQGH[LVKLJKHUWKDQWKDWRI
WKH FODGGLQJ WKH FHQWUDO ZDYHOHQJWKV RI WKH DWWHQXDWLRQ EDQGV SUHVHQW D FRQVLGHUDEO\
UHGXFHGVHQVLWLYLW\/HHHWDO'XKHPHWDO
$ FKDQJH LQ WKH IRUPRI WKH WUDQVPLWWHG VSHFWUXP LV KRZHYHU REWDLQHG VLQFH WKHSHDN WR
SHDNDPSOLWXGHVRIWKHDWWHQXDWLRQUHVRQDQFHVLVUHGXFHG,QVXFKDVLWXDWLRQWKHSUHVHQFH









HJ WR DFKLHYH WKH UHIUDFWLRQ LQGH[ PRGXODWLRQ LQ WKH FRUH RI WKH ILEHU WKDQNV WR WKH
SKRWRVHQVLWLYLW\HIIHFW
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 LGHQWLFDO $ F\O
FKLQJWKHILEHUF
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WK ǌ89 DQG WKH K


























































































































WKRG IRU WKH SUR
FHGGLUHFWO\EHKL








W LW WKHQ UHTXLUH
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FDQ DOVR EH XVH
UGHQVLW\7KHHD
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V D YHU\ VWDEOH D
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H SDWWHUQ LV WK
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 WKH ILEHU FRUH D
HPDVNWHFKQLTXH
 6LQFH WKLV RU
R D SRLQW ZKHU
 PRGHUDWH 89 R
JVWUXFWXUHVXVL
EHU JUDWLQJ IDEUL
V D UREXVW DQG



















































7KH DPSOLWXGHPDVN WHFKQLTXH FRQVLVWV LQ SODFLQJ DPHWDOPDVN JHQHUDOO\ LQ FRSSHU LQ
IURQWRIWKHRSWLFDOILEHU7KHPDVNFRQWDLQVDSDWWHUQWKDWLVLGHQWLFDOO\UHSURGXFHGRQWKH
VLQJOH PRGH RSWLFDO ILEHU GXULQJ WKH 89 EHDP WUDQVODWLRQ VR WKDW WKH SHULRGLFLW\ RI WKH





7KHGLIIHUHQW VHQVRUV FRQVLVW LQ8QLIRUP)LEHU%UDJJ*UDWLQJV DQGRU/RQJ3HULRG%UDJJ
*UDWLQJVFRYHUHGZLWKDVHQVLWLYHOD\HUWKDWUHDFWVZLWKK\GURJHQ&DXFKHWHXUHWDOD
7KHVHQVLWLYHOD\HUFRQVLVWVLQ3ODWLQXPGRSHGWXQJVWHQWULR[LGHQDQRODPHOODH








8QLIRUP)%*VDQG ORQJSHULRG ILEHUJUDWLQJV /3)*VZHUH LQVFULEHG LQWRVWDQGDUGVLQJOH
PRGHILEHUE\PHDQVRID IUHTXHQF\GRXEOHG$UJRQLRQ ODVHUHPLWWLQJDWQP3ULRU WR












1DQRVL]HG WXQJVWHQ R[LGH SRZGHUZDV SUHSDUHG XVLQJ VROJHOPHWKRG 2ND]DNL HW DO
&DXFKHWHXUHWDO  7R VWDUW DTXHRXV VROJHO RI WXQJVWLF DFLG +:2ZDV
SUHSDUHG IURP 1D:2 ZLWK SURWRQDWHG FDWLRQH[FKDQJH UHVLQ ,Q D ILUVW VWDJH D JHO
FRQVLVWLQJ RI:2+2ZDV IRUPHG 7KH JHOZDVZDVKHG FHQWULIXJHG VHYHUDO WLPHVZLWK
GLVWLOOHGZDWHUDQGGULHGLQDLUDW&IRUK7KHSRZGHUFRQVLVWLQJLQQDQRODPHOODHRI













3ULRU WR WKHGHSRVLWLRQRI WKH OD\HU WKHRSWLFDO ILEHUZDV FOHDQHG7KH VHQVLWLYH OD\HUZDV








7KH VHWXS XVHG WR WHVW WKH + VHQVRUV LQ GLIIHUHQW DLU HQYLURQPHQWV RI YDULRXV UHODWLYH






ZDVPDGHRI D  FP ORQJ DQG  FPZLGHJODVV F\OLQGHUZLWK DQ LQOHW DQG DQRXWOHW WR
















)LJXUH  SUHVHQWV WKH UHVXOWV REWDLQHG RQ WKH WUDQVPLWWHG VSHFWUXP RI D  FP ORQJ )%*
VXEMHFWHGWRGLIIHUHQW+FRQFHQWUDWLRQVLQGU\DLUDWURRPWHPSHUDWXUH&,QSUHVHQFH
RI + LQ DLU D VKLIW RI WKH %UDJJZDYHOHQJWK WR WKH ULJKW DSSHDUV GXH WR WKH H[RWKHUPLF
UHDFWLRQWKDWRFFXUVEHWZHHQ+PROHFXOHVDQG2PROHFXOHVLQVLGHWKHVHQVLWLYHOD\HU7KH























FRQFHQWUDWLRQVVPDOOHU WKDQDVVKRZQRQ ILJXUH0RUHRYHU LWZDVREVHUYHG WKDW WKH
































































)LJ  6KLIW RI WKH %UDJJ ZDYHOHQJWK DV IXQFWLRQ RI WKH + FRQFHQWUDWLRQ LQ GU\ DLU DW
DPELHQWWHPSHUDWXUHIRUGLIIHUHQWSK\VLFDOOHQJWKVRIWKHJUDWLQJV

)RU WKDW SXUSRVH GLIIHUHQW VWURQJO\ UHIOHFWLYH XQLIRUP JUDWLQJV FKDUDFWHUL]HG E\ GLIIHUHQW
SK\VLFDOOHQJWKVZHUHWHVWHG7KHJUDWLQJVZHUHLQVFULEHGZLWKWKHVDPHYHORFLW\IRUWKH89

























FRPHV IURP WKH IDFW WKDW DV WKH\ DUH FKDUDFWHUL]HG E\ D VWURQJ FRXSOLQJ WR ERWK WKH
EDFNZDUGJRLQJFRUHPRGHDQGFODGGLQJPRGHV ORQJJUDWLQJVGHOLYHUVRPHHQHUJ\WRWKH
FODGGLQJ WKDW LV ILQDOO\ FROOHFWHGE\ WKH VHQVLWLYH OD\HU DQG FRQWULEXWHV WRGHFUHDVH WKH+
FRQFHQWUDWLRQV UHTXLUHG WR UHDFK WKH WKUHVKROG 7KLV PHFKDQLVP LV SRVVLEOH VLQFH WKH




)LJXUH VKRZV WKHZDYHOHQJWK VKLIWVPHDVXUHG IRUDOO WKH WHVWHGJUDWLQJV LQ UHVSRQVH WR
LQFUHDVLQJDQGGHFUHDVLQJ+FRQFHQWUDWLRQV7KHSODLQFXUYHVZHUHREWDLQHGIRULQFUHDVLQJ
+ FRQFHQWUDWLRQV GXULQJ WKH ILUVW PHDVXUHPHQW F\FOH ZKHUHDV WKH GRWWHG FXUYHV ZHUH














































)LJ  6KLIW RI WKH %UDJJ ZDYHOHQJWK DV IXQFWLRQ RI WKH + FRQFHQWUDWLRQ LQ GU\ DLU DW
DPELHQWWHPSHUDWXUHIRUGLIIHUHQWSK\VLFDOOHQJWKRIWKHJUDWLQJV

7KH UHVXOWV REWDLQHG IURP WKHVH H[SHULPHQWV GHPRQVWUDWH WKDW WKH JUDWLQJ OHQJWK KDV QR
LQIOXHQFH RQ WKH WHPSHUDWXUH GHOLYHUHG E\ WKH FKHPLFDO UHDFWLRQ 7KH VHQVLWLYLW\ RI WKH
VHQVRUWKHVORSHRIWKHFXUYH LV WKXVQRWGHSHQGHQWRQWKHJUDWLQJSK\VLFDOSURSHUWLHVDV
H[SHFWHGVLQFHWKHUHDFKHGWHPSHUDWXUHPDLQO\GHSHQGVRQWKHK\GURJHQFRQFHQWUDWLRQ
$QRWKHU LPSRUWDQW IHDWXUH LV WKH OLQHDU EHKDYLRXU REWDLQHG LQ UHVSRQVH WR YDU\LQJ +
FRQFHQWUDWLRQV0RUHRYHU WKHGDWD REWDLQHG IRU LQFUHDVLQJ+ FRQFHQWUDWLRQVPDWFK WKRVH
REWDLQHG IRU GHFUHDVLQJ + FRQFHQWUDWLRQV VR WKDW WKHUH LV QR K\VWHUHVLV LQ WKH VHQVRU
UHVSRQVH7KLVFKDUDFWHULVWLFLVVXUHO\REWDLQHGRZLQJWRWKHYHU\VPDOOUHVSRQVHWLPHOHVV
WKDQVHFRQGVRIWKHVHQVRUWRYDU\LQJ+FRQFHQWUDWLRQV
7KH +)%* VHQVRUV ZHUH DOVR WHVWHG LQ ZHW DLU HQYLURQPHQWV DQG WKH REWDLQHG UHVXOWV
GHPRQVWUDWHGWKDWWKHWKUHVKROGRIGHWHFWLRQRIK\GURJHQFRQFHQWUDWLRQLQFUHDVHVZKHQWKH





QRW KDQJH LQ ZHW DLU LQ FRPSDULVRQ WR WKDW REWDLQHG LQ GU\ DLU EHFDXVH DV ORQJ DV WKH
WKUHVKROG LV SDVVHG WKH WHPSHUDWXUH RQ WKH VHQVRU LV KLJK HQRXJK WR GHVRUE WKH ZDWHU
PROHFXOHVDGVRUEHGRQWKHVXUIDFHDQGWKHUHDFWLRQWDNHVSODFHDVLIZDWHUZHUHQRWSUHVHQW
,QGHHGWKHWHPSHUDWXUHLVKLJKHUWKDQ&ZKHQWKHUHDFWLRQLVLJQLWHG
+RZHYHU DV VKRZQRQ ILJXUH  WKH VHQVLWLYLW\ LQ UHVSRQVH WR+ FRQFHQWUDWLRQVGLGQRW
FKDQJH LQZHW DLU LQ FRPSDULVRQ WR WKDW REWDLQHG LQ GU\ DLU 7KH GLIIHUHQFHV EHWZHHQ WKH








PHWKDQH DQG SXUH QLWURJHQ 1R DQVZHU ZDV REWDLQHG GHPRQVWUDWLQJ WKDW WKLV VHQVRU LV
VSHFLILFWRWKHGHWHFWLRQRIK\GURJHQLQDLU


















































































RI + PROHFXOHV E\ 2 PROHFXOHV FRQWDLQHG LQ DLU RFFXUV RQ LWV VXUIDFH 7KLV UHDFWLRQ LV
H[RWKHUPLF VR WKDW WKH WHPSHUDWXUH ORFDOO\ LQFUHDVHV DURXQG WKH JUDWLQJV + VHQVLQJ LV
WKHUHIRUH EDVHG RQ WKH PRQLWRULQJ RI WKH UHVRQDQFH ZDYHOHQJWK VKLIW LQGXFHG E\ WKH
WHPSHUDWXUHFKDQJH7KLVUHDFWLRQUHTXLUHVDQDFWLYDWLRQHQHUJ\HTXDOWRH9$SSHOHW
DO7KHWHPSHUDWXUHH[SHULHQFHGE\WKHJUDWLQJUHVXOWVIURPWKHHTXLOLEULXPEHWZHHQ
WKHKHDW IORZGHOLYHUHGE\ WKHH[RWKHUPLFUHDFWLRQ ǗUDQG WKHKHDW IORZ ORVWE\H[FKDQJH
ZLWKWKHVXUURXQGLQJPHGLXPǗWK,QDYHU\JRRGDSSUR[LPDWLRQZHPD\FRQVLGHUWKDWǗWK
LVGRPLQDWHGE\UDGLDWLRQVRWKDWLWFDQEHH[SUHVVHGE\
ɔ୲୦ ൌ ɂɐሺସ െ ୣସሻሺͳͳሻ
ZKHUHH LV WKH HPLVVLYLW\RI WKH:2 OD\HU FORVH WR  DV LWZDV HVWLPDWHG IURP LQIUDUHG
PHDVXUHPHQW RI D VXUIDFH RI :2 KHDWHG WR D NQRZQ WHPSHUDWXUH ǔ LV WKH 6WHIDQ
%ROW]PDQQFRQVWDQW:P.7LVWKHDEVROXWHWHPSHUDWXUHPHDVXUHGE\WKH
JUDWLQJDQG7HLVWKHDEVROXWHDPELHQWWHPSHUDWXUHǗULVGHILQHGDV
Ǘ୰ ൌ Ǥ ሺെο୰ሻ
 ൌ Ǥ ୌଶ
 ൌ ଴Ǥ ሺെ ୉ୟୖ୘ሻ
ZKHUHYLVWKHUHDFWLRQUDWHDQGƦ+ULVWKHUHDFWLRQKHDWDQGLVHTXDOWRNFDOPRO7KH
UHDFWLRQ UDWH Y LV SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ RI K\GURJHQ&+ DQG GHSHQGV RQ WKH
WHPSHUDWXUHWKURXJKWKHXVXDO$UUKHQLXVIRUPXOD(DLVWKHDFWLYDWLRQHQHUJ\H95LV
WKHJDVFRQVWDQWHTXDO WR -PRO.NGHSHQGVRQ WKHDPRXQWRI3WSHU VXUIDFHXQLW
DQGUHIOHFWVWKHVHQVLWLYHOD\HUHIILFLHQF\,WVYDOXHLVQRWSUHFLVHO\NQRZQLQSUDFWLFH8VLQJ
(TDQGWKHVHQVRUEHKDYLRUFDQEHVHPLTXDQWLWDWLYHO\VLPXODWHGIURPWKHFRQGLWLRQ
ǗWK ǗU IRU GLIIHUHQW RSHUDWLQJ FRQGLWLRQV )LJXUH  VKRZV VLPXODWLRQ UHVXOWV REWDLQHG IRU
GLIIHUHQWDPELHQWWHPSHUDWXUHVDQGIRUGLIIHUHQWVHQVLWLYHOD\HUHIILFLHQFLHVWKHSDUDPHWHUV





H[RWKHUPLFUHDFWLRQRFFXUULQJRQWKHVHQVLWLYH OD\HU+HQFH LWPD\H[SODLQWKH LQFUHDVHRI






FRQFHQWUDWLRQ EHORZ ZKLFK WKH UHDFWLRQ ZLOO QRW VWDUW ,Q RWKHU ZRUGV WKHUH H[LVWV D
WKUHVKROG YDOXH LQ WHUPV RI + FRQFHQWUDWLRQ EHORZ ZKLFK WKH VHQVRU GRHV QRW UHDFW ,Q
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DORQJ WKH H[SRVHG ILEHU OHQJWK VHW WR  FPV VR WKDW WKH ODVHU IOXHQFH ZDV PRGLILHG
EHWZHHQ WKH GLIIHUHQW LQVFULSWLRQV ,Q DQ\ FDVH WKH )%*V ZHUH FKDUDFWHUL]HG E\ D
WUDQVPLVVLRQORVVRIDERXWG%
7KH UDGLDWLQJ HIILFLHQF\ RI HYHU\ FRDWHG /3)* ZDV HYDOXDWHG E\ FRPSXWLQJ WKH UDWLR
EHWZHHQ WKH LQMHFWHG DQG WUDQVPLWWHG RSWLFDO SRZHUV LQWHJUDWHG RYHU WKH /3)* UHVRQDQFH
EDQGZLGWK7KHGLIIHUHQFHEHWZHHQWKHVHWZRTXDQWLWLHVLQGHHGUHYHDOVWKHWRWDODPRXQWRI
UDGLDWHGRSWLFDOSRZHU,QDGGLWLRQDQH[DPLQDWLRQRIWKHILEHUVXUIDFHZLWKDQ,5FDPHUD
UHYHDOHG WKDW WKHUDGLDWLRQH[WHQGVRQD IHZFHQWLPHWHUVEH\RQGWKH/3)*HQGDQG LVQRW
XQLIRUP DORQJ WKH JUDWLQJ OHQJWK +HQFH RQO\ D SDUW RI WKH WRWDO UDGLDWHG SRZHU FDQ EH





XVHGKHUHZHDSSUR[LPDWHG WRP:WKHRSWLFDOSRZHUFROOHFWHGE\ WKHVHQVLWLYH OD\HU
7KLVTXDQWLW\FRUUHVSRQGVWRDERXWSKRWRQVVPZKLFKLVVXIILFLHQWWRIDYRUWKH
UHDFWLRQ ZLWK UHVSHFW WR WKH WRWDO QXPEHU RI + DGVRUSWLRQ VLWHV SHU VXUIDFH XQLW RI WKH

















)LJ  8QLIRUP )%* VXSHULPSRVHG LQ D /3)* IRU + GHWHFWLRQ D DQG
WUDQVPLWWHGUHIOHFWHGVSHFWUDRIWKLVK\EULGVHQVRURQWKH&/EDQGVE

)LJXUH  FRQILUPV WKH WKUHVKROG UHGXFWLRQ REWDLQHG SURYLGHG E\ /3)*V:LWK WKH /3)*
FKDUDFWHUL]HG E\ D  G% ORVV WKH WKUHVKROG KDV EHHQ PHDVXUHG HTXDO WR   RI +
FRQFHQWUDWLRQLQVWHDGRIZLWKWKHHTXLYDOHQWVLQJOHXQLIRUP)%*,WPXVWEHQRWLFHGWKDW
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)LJ  %UDJJ ZDYHOHQJWK VKLIW DV D IXQFWLRQ RI WKH + FRQFHQWUDWLRQ DW GLIIHUHQW
WHPSHUDWXUHV

+HQFH LQ FRPSDULVRQ WR WKH XVH RI VLQJOH )%*V WKH K\EULG FRQILJXUDWLRQ SUHVHQWV WKH




RSWLFDO VRXUFHSRZHUGHQVLW\ ,W WKXV DOORZV WRZRUNZLWKD VWDQGDUGRSWLFDO VRXUFH WRWDO
SRZHURIP:LQRXUFDVHZKLFKNHHSVDV ORZDVSRVVLEOHWKHVHQVRUSULFH/HWXVDOVR
PHQWLRQWKDWXVLQJXQLIRUP)%*VDVSUREHVLQVWHDGRI/3)*VSUHVHQWVWZRDVVHWV)LUVWWKH
VHQVRU UHVSRQVH LV HQFRGHG LQ WKH %UDJJ ZDYHOHQJWK DQG LV WKHUHIRUH QRW LQIOXHQFHG E\
EHQGLQJHIIHFWVZKLFK LVQRW WKH FDVH IRU/3)*V 6HFRQGZKLOH WKH UHVRQDQFHEDQGRI DQ
/3)* H[WHQGV RQ VHYHUDO WHQV RI QDQRPHWHUV FRPSOLFDWLQJ WKH UHDOL]DWLRQ RI TXDVL
GLVWULEXWHG VHQVRUV ZLWK VXFK JUDWLQJV D ZDYHOHQJWK ZLQGRZ RI VHYHUDO QDQRPHWHUV LV
VXIILFLHQWWRUHFRUGWKHUHIOHFWHGVSHFWUXPHYROXWLRQRIXQLIRUP)%*V&RQVHTXHQWO\WKDQNV








PHDQV RI RSWLFDO ILEHUV 7KH VHQVRU LV FRPSRVHG RI D ILEHU %UDJJ JUDWLQJ FRYHUHG E\ D
FDWDO\WLFVHQVLWLYHOD\HU,QSUHVHQFHRIK\GURJHQLQDLUDQH[RWKHUPLFUHDFWLRQEHWZHHQ+




DQGSUHVHQWV D UDSLG OLQHDU UHVSRQVHZLWKRXW K\VWHUHVLVZKLFK FRQVWLWXWH YHU\ LPSRUWDQW
VHQVRU FKDUDFWHULVWLFV ,W LV DOVR FRPSDWLEOH ZLWK IUHTXHQF\ PXOWLSOH[LQJ DQG FDQ
FRQVHTXHQWO\DOORZIRUWKHUHDOL]DWLRQRITXDVLGLVWULEXWHGVHQVRUV
+RZHYHU LQ LWV EDVLF FRQILJXUDWLRQ WKLV VHQVRU VXIIHUV IURP WKH SUHVHQFH RI D GHWHFWLRQ
WKUHVKROG WKDW OLPLWV WKH UDQJH RI + FRQFHQWUDWLRQV WKDW LW FDQ GHWHFW 7KH SRVVLELOLW\ WR
GHFUHDVHWKLVWKUHVKROGE\ZRUNLQJZLWKKLJKO\UHIOHFWLYHJUDWLQJVKDVEHHQVKRZQ
7KH PRVW HOHJDQW VROXWLRQ FRQVLVWV LQ VXSHULPSRVHG K\EULG ILEHU JUDWLQJV FRDWHG ZLWK D
FDWDO\WLF VHQVLWLYH OD\HU WKDW KHDWV WKH JUDWLQJV LQ WKHSUHVHQFH RI K\GURJHQ LQ DLU ,Q WKLV
K\EULG FRQILJXUDWLRQ WKH/3)*SURYLGHGD OLJKW HQHUJ\ FRXSOLQJ WR WKH VHQVLWLYH OD\HU WR
GHFUHDVH WKH + GHWHFWLRQ WKUHVKROG ZKLOH WKH )%* ZDV XVHG WR WUDFN WKH WHPSHUDWXUH
LQFUHDVH 9HU\ JRRG VHQVLQJ SHUIRUPDQFHV KDYH EHHQ UHSRUWHG IDVW UHVSRQVH KLJK
VHQVLWLYLW\UHYHUVLELOLW\IUHTXHQF\PXOWLSOH[LQJFDSDELOLW\DQG+FRQFHQWUDWLRQVGHWHFWLRQ
ZHOO EHORZ WKH H[SORVLRQ OLPLW RI   ZKDWHYHU WKH UHODWLYH KXPLGLW\ OHYHO DQG IRU
WHPSHUDWXUHVGRZQWR&
7KHVH K\EULG FRQILJXUDWLRQV ZLOO EH IXUWKHU VWXGLHG LQ RUGHU WR PLQLPL]H WKH UHDFWLRQ
WKUHVKROG)XWXUHZRUNRQWKHVHVHQVRUVZRXOGEHWRJHWIXOOXQGHUVWDQGLQJDQGPRGHOLQJ
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